Forty-five strains of sulphate-reducing bacteria showed marked differences in their resistance to Hibitane (I.C.I. Ltd.) and, to a lesser degree, to cetyltrimethylammonium bromide. Panacide (British Drug Houses Ltd.) was effective against all the strains. The relevance of these findings to modern views on the taxonomy of the sulphate-reducers and to the problem of inhibiting these organisms in the field is discussed.
INTRODUCTION
The anaerobic sulphate-reducing bacteria are of interest both on account of their great economic importance (Postgate, 1960) and of their unique type of oxidative metabolism, which involves the utilization of sulphate or other sulphur compounds as terminal electron acceptors in place of oxygen. Numerous strains of these bacteria have now been isolated, and although few studies on their carbon sources or other aspects of their nutrition have yet been made on which a classification might be based (the feasibility of such a classification was discussed by Macpherson & Miller, 1963) , two genera and four species are now recognized on morphological and biochemical grounds : Clostridium nigrijcans, Desulfovibrio desulfuricans, D. gigas and D. ur&mtis (Adams & Postgate, 1959) . The majority of strains isolated hitherto have been assigned to D. desuEfuricans, a species apparently characterized by the presence of cytochrome c, and desulphoviridin (Postgate, 1956) though variable in NaCl requirement (Littlewood & Postgate, 1957 ; Ochynski & Postgate, 1963) , ability to dismute pyruvate (Postgate, 1952) and to metabolize choline (Baker, Papiska & Campbell, 1962) .
In a survey of the effects of inhibitors on sulphate-reducing bacteria, Saleh, Macpherson & Miller (1964) drew attention to some marked differences in the resistance of different strains to certain inhibitors, which, though probably attributable in some cases to unstandardized experimental techniques, must in others reflect genuine physiological differences between strains, For example, in these authors' own comparative studies on the mesophile Desulfovibrio desulfuricam strain Hildenborough and the thermophilic spore-former Clostridium nigrificum strain Delft 7 4~, the thermophile proved much more susceptible to most of the inhibitors tested, growth often being suppressed by one-tenth of the concentration required to inhibit the Hildenborough strain. In the present report, the effects of four inhibitors NaCl where necessary. All the strains grew satisfactorily in this medium and in Baars's medium; it was not found necessary to incorporate thiolacetate to ensure growth of the Desulfovibrio orientis strains (Adams & Postgate, 1959 (v/v) .
Tests of inhibitors.
A bacteriostatic screening method was used. Tests were carried out in Baars's medium with yeast extract and cysteine, in conformity with the practice a t theNationa1 Chemical Laboratory over a number of years. Four substances known to have strong bacteriostatic or bactericidal effects on sulphate-reducers (Saleh et al. 1964) were tested against the 45 strains. These were bis-(p-chlorophenyl-diguanido-)hexane diacetate (Hibitane, Imperial Chemical Industries Ltd. ), cetyltrimethylammonium bromide (CTAB), 5,5'-dichloro-2,2'-dihydroxy-diphenyl methane (Panacide; British Drug Houses Ltd.), and 2,4!-dinitrophenol. Solutions as obtained were assumed to be sterile; CTAB and 2,4-dinitrophenol were made into concentrated solutions, allowed to stand for a few hours and assumed to be sterile. Serial dilutions were made in sterile distilled water, 2 ml. of the appropriate dilution added to 18 ml. sterile Baars's medium, and the medium adjusted when necessary to pH 7.0-7.2 (bromothymol blue) with sterile NaOH or HCl. Each experimental medium was dispensed into three test tubes and inoculated with enough stock culture of the appropriate organism to give an initial concentration of between lo5 and 5 x los bacteria/ml. After anaerobic incubation the tubes were examined for blackening (formation of FeS); cultures which showed doubtful growth were examined microscopically.
RESULTS

ECgects of Hibitane and CTAB
Hibitane and CTAB were separately tested against the 45 strains at 0.1, 0.25, 0.5, 1~0,2~5,5~0,10,25,50,100,250,500 and 1000 pg./ml. (parts per million). The minimum inhibitory concentration for each strain was noted after incubation for 10 days ; the results were the same after a further 20 days of incubation. The difference in the bacteriostatic concentration of Hibitane towards different strains proved to be greater than ten-thousandfold (see Table I ), and was almost as great in the case of CTAB (Table 2 ). I n both cases the spore formers (strains of Clostridium nigriflcans and Desulfovibrio orientis) were more sensitive than the non-sporulators. Hibitane was the more effective inhibitor, a greater number of strains being inhibited by a given concentration than by the same concentration of CTAB.
ECgects of Panacide and dinitrophernol
These two inhibitors were tested over the range of concentrations used for Hibitane and CTAB. Tubes were examined for growth after 10 days, Panacide at 50 pg,/ml. was effective against all the strains tested (Table a) , 2,4-dinitrophenol a t 100 pg./ml. (Table 4) , that is, a poorer separation of the strains was obtained with these two compounds. The representatives of Clostridium nigrijcans and Deszclfovibrio orierrtis were, again, more susceptible than the other strains.
Viability tests
Viability tests were made on bacteria recovered from tubes containing the minimum inhibitory concentrations of three of the inhibitors. The contents of such tubes were centrifuged aseptically for 5 min. a t about 11,000 g and the precipitated organisms suspended in Baars's medium, transferred to test tubes and incubated. All strains except Clostridium nigrijkans 8356 with Panacide no strain was viable. In all cases the minimum inhibitory concentration was bactericidal after 80 days of incubation; and in all cases twice (or 2-5 times) the minimum inhibitory concentration was bactericidal after 15 days.
DISCUSSION
Sigal, Senez, Le Gall & Sebald (1963) determined the base composition of the DNA of seven strains of sulphate-reducing bacteria, representative of all four known species, and found significant differences which correlated with taxonomic position. Saunders, Campbell & Postgate (1964) , in a much wider survey of the species Desulfovibrio desuZjkicans, recognize three groups. Group 1, with a guanine + cytosine content of 60-62 yo of the total DNA base, is composed mainly of freshwater organisms, unable to dismute pyruvate or to metabolize choline. Group 2 organisms (54-56 yo guanine + cytosine) are predominantly salt-water forms, though adaptable in all cases but one to NaC1-free medium, and are able to dismute pyruvate and metabolize choline. Members of group 3 (45.6-46-6 % guanine + cytosine) are strict salt-water strains. In the present work, the group numbers assigned by Saunders et al, to strains of D. desulfuricans are shown in Tables 14. The most striking feature was the very high resistance of group 3 organisms to Hibitane and CTAB; the only exception, strain Avonmouth (8398), is now known to be a mixture of two types, one corresponding to group 2 but the dominant organism belonging to group 3. Members of group 2 were somewhat more resistant to these inhibitors than were group 1 strains, a partial separation of freshwater from salt-water members of group 2 being noticeable. Curiously, though in keeping with the findings of Saleh et al. orientis, all spore-formers, were less resistant to any of these inhibitors than were strains of D. desulficricans or D. gigas. Shewan, Hodgkiss & Liston (1954) and Shewan, Hobbs & Hodgkiss (1960) described a simple method of differentiating common nonpathogenic pseudomonads and vibrios on the basis of their resistance to penicillin, terramycin and a vibriostatic pteridine; Callao & Montoya (1960) differentiated four Axotobacter species on their resistance to certain dyes. The present work shows that DesuEfovibrio desulfuricans group 3 strains and the spore-forming types may be unequivocally distinguished from other sulphate-reducing bacteria by their high and low resistances to Hibitane, respectively, and that within a narrower concentration range a separation of group 1 and 2 organisms may be observed, Hence resistance to inhibitors may be a useful taxonomic character within this group of bacteria.
The remarkable range of susceptibility of the sulphate-reducers to Hibitane and CTAB illustrates the importance of conducting laboratory screening tests on strains isolated from the site in which the inhibitor is to be used (Allred, Mills & Fisher, 1954) , especially when the site is a salt-water one in which DesuEfovibrio desulfuricans group 3 may be present, Alternatively, strains of known group should be included in screening tests to determine the spectrum width of the inhibitor. Panacide was found in the present work to be a broad-spectrum inhibitor of sulphate-reducing bacteria, preventing the growth of all strains at 50,ug.lml. and all but three a t 10 ,ug./ml.
The observed bacteriostatic concentration of an inhibitor was in all cases the same on the 80th day as the loth; thus a 10-day incubation period is probably sufficient in this type of experiment. Viability tests showed that Hibitane, CTAB and Panacide had considerable bactericidal power a t their bacteriostatic concentration; the bactericidal effect of 2,4-dinitrophenol was studied by Bennett & Bauerle (1960).
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